To evaluate the prevalence of extended-spectrum cephalosporin (ESC)-resistant Enterobacteriaceae in broiler chickens, 41 rectal samples taken from 4 commercial farms were examined. Desoxycholate hydrogen sulfide lactose agars, supplemented with either 4 µg/ml cefotaxime or 16 µg/ml ceftazidime, were used to screen ESC-resistant bacteria. ESC-resistant bacteria were isolated from all samples. Of the 164 ESC-resistant bacteria (included 4 isolates per a sample), 163 were Escherichia coli, while 1 isolate was identified as Enterobacter cloacae. Extended-spectrum β-lactamase (ESBL) genes and plasmid-mediated AmpC β-lactamase genes in the isolates were determined by PCR and sequencing. One AmpC β-lactamase gene, bla CMY-2 (66%), and 4 ESBL genes, bla CTX-M-1 (26%), bla CTX-M-55 (10%), bla SHV-5 (4%) and bla CTX-M-2 (3%), were detected in the E. coli isolates. The epidemiological relationship of the CMY-2 and CTX-M β-lactamaseproducing isolates among the farms was analyzed by pulsed-field gel electrophoresis using the XbaI restriction enzyme. Forty-one (Y1-Y41) and 14 (X1-X14) clusters were found in the CMY-2 and CTX-M-carrying E. coli isolates, respectively. Some clusters included isolates derived from more than 1 farm, indicating some cross-contamination of clonal strains and spread of CMY-2 AmpC β-lactamase or CTX-M ESBL among the farms.
In the late 1990s, extended-spectrum cephalosporin (ESC)-resistant Enterobacteriaceae emerged in food-producing animals worldwide. Spread of ESC-resistant bacteria amongst animals via their products has become a threat to public health, because of the risk of horizontal transfer of the antibiotic resistance genes to human pathogens [12] . Indeed, ESC-resistant pathogenic bacteria, such as Salmonella enterica serovar Enteritidis and shiga toxin-producing Escherichia coli, have already been detected in patients with diarrhea [11, 12] .
AmpC β-lactamases, which belong to the class C family of cephalosporinases, usually confer resistance to all β-lactams, except for cefepime and carbapenems [13] . Overexpression of the AmpC enzyme in E. coli occurs either by deregulation of the chromosomal ampC gene or through acquisition of a transferable plasmid containing the ampC gene. Recently, there have been reports of an increased prevalence of plasmidic AmpC β-lactamase in Gram-negative bacteria. In Europe, plasmid-mediated CMY-2 AmpC β-lactamases, as well as CTX-M type extended-spectrum β-lactamases (ESBL), have been detected in ESC-resistant E. coli from broiler chickens and their products [3, 26] . There have been many reports from Japan describing the distribution of CTX-M ESBL in E. coli from broilers [8] [9] [10] , and in recent years, AmpC β-lactamase, especially CMY-2-type, from broilers and retail chicken meats has been detected [1, 2, 16] . However, distribution of the AmpC β-lactamase in broilers is unknown. Moreover, the mechanisms that enable ESCresistant bacteria to spread between broiler chickens remain unclear.
The aims of the present study were to i) investigate the prevalence of ESC-resistant bacteria in broiler chickens from 4 commercial farms, using selective agars supplemented with cefotaxime (CTX) or ceftazidime (CAZ), ii) determine the β-lactamase types (plasmid-mediated AmpC β-lactamase and ESBL) in ESC-resistant bacteria and iii) analyze the epidemiological relationship of the isolates at the farm level.
MATERIALS AND METHODS
Sampling: Forty-one rectal samples were collected from broiler chickens at a poultry processing plant located in western Japan from May-September 2011. The chickens originated from 4 commercial farms (10 or 11 samples per farm) that were located within a 10-km radius of the plant.
Each of the 4 farms was under individual management; however, veterinarians and the workers that harvested the broilers did travel between the locations. All sampled animals were healthy and approximately 7 weeks of age.
Isolation and identification of Enterobacteriaceae: Approximately 1 g of cecal content was mixed with 3 ml of sterilized saline solution and homogenized by vortexing. The suspension was streaked onto each of 2 desoxycholate hydrogen sulfide lactose (DHL) agars (Eiken Chemical Co., Tokyo, Japan), supplemented with 4 µg/ml CTX (to isolate CTX-M ESBLs) or 16 µg/ml CAZ (to isolate non CTX-M ESBLs or AmpC β-lactamases). The concentrations of CTX and CAZ were determined in reference to the resistant breakpoints of the antimicrobials described by the Clinical and Laboratory Standards Institute (CLSI) [6] . Following incubation for 18-20 hr at 37°C, 2 colonies of different morphologies (pink or colorless, rough or smooth, and large or small) were taken from each selective medium and purified on Mueller-Hinton (MH) agar plates (Oxoid Ltd., Basingstoke, U.K.), resulting in 4 isolates per sample. The biochemical phenotypes of the isolates were examined using several analytical growth media, including triple-sugar iron slants (Kyokuto Pharmaceutical Industrial Co., Tokyo, Japan), lysine indole motility medium (Eiken Chemical Co.) and sulfide indole motility medium (Kyokuto Pharmaceutical Industrial Co.) and were further identified using an EB-20 identification test (Nissui Pharmaceutical Co., Tokyo, Japan).
Antimicrobial susceptibility testing: Antimicrobial susceptibility of each of the isolates was examined using the Kirby-Bauer disk diffusion method [5] on MH agar plates with the following sensi-disks (Becton Dickinson, Franklin Lakes, NJ, U.S.A.): amoxicillin-clavulanic acid, CTX, CAZ, ceftriaxone, cefoxitin, cefepime, imipenem and meropenem. The phenotypic confirmatory test of ESBLs using CTX and CAZ with or without clavulanic acid disks (Becton Dickinson) was also carried out, as per the new criteria established by the CLSI [6] .
Detection of β-lactamase genes: Template DNA was prepared by the boiling method using an InstaGene Matrix kit (Bio-Rad, Hercules, CA, U.S.A.). β-lactamase-encoding
bla CTX-M-9 group and bla OXA-1 , were examined by PCR as described previously [7, 19, 20, 24, 28] . The primers used are listed in Table 1 . The isolates with a positive result in the bla CIT PCR were further analyzed by PCR to distinguish whether bla CMY-2 or other genes were also present [19] . The bla TEM , bla SHV , bla CTX-M-1 group and bla CTX-M-2 group amplicons were sequenced using a BigDye Terminator v3.1 Ready Reaction Sequencing kit on an ABI 3500xl Automated DNA Sequencer (Applied Biosystems, Foster City, CA, U.S.A.). The sequencing data were compared with the published DNA sequences using the BLASTN database (www.ncbi.nlm.nih.gov).
Pulsed-field gel electrophoresis analysis: To distinguish the CMY-2-and/or CTX-M-type β-lactamase-producing bacteria, pulsed-field gel electrophoresis (PFGE) analysis using the XbaI restriction enzyme (Roche, Mannheim, Germany) was carried out according to the standard PulseNet protocol [22] . S. enterica serovar Braenderup strain H9812 was used as a standard size marker. Macro-restriction patterns were compared using Molecular Analyst Fingerprinting Plus software (Bio-Rad). A Dice coefficient and the unweighted-pair group method using arithmetic mean (UPGMA) algorithm were used with a 1.2% band tolerance and 1.2% optimization to generate a dendrogram. Isolates with ≥85% similarity were considered to be clonal for the purposes of this study.
RESULTS

Isolation of ESC-resistant bacteria:
ESC-resistant bacteria were isolated from all 41 samples using selective DHL agars containing either CTX or CAZ ( (37.5%) of the ESC-resistant isolates originating from Farms 1, 2, 3 and 4, respectively, were putative ESBL producers (73 isolates in total, 44.5%). Antimicrobial susceptibility testing of the isolates: Isolates were tested for their susceptibility to 8 β-lactam antimicrobial agents ( Table 3 ). All isolates, except for 2 E. coli strains (99%), were resistant to CTX. More than 60% of the isolates also showed resistance to CAZ and ceftriaxone. Cefepimeresistant isolates were found in samples from Farms 1, 3 and 4 with prevalences ranging from 3-30%. No resistance to imipenem or meropenem was found.
Characterization of β-lactamase genes: One AmpC β-lactamase gene, bla CMY-2 (107 isolates, 66%), and 4 ESBL genes, bla CTX-M-1 (43 isolates, 26%), bla CTX-M-55 (17 isolates, 10%), bla SHV-5 (7 isolates, 4%) and bla CTX-M-2 (5 isolates, 3%), were detected in the 163 E. coli isolates. All of the identified bla TEM genes belonged to the non-ESBL group, including bla TEM-1 (22%) and bla TEM-135 (3%) ( Table 4 ). Among the bla CMY-2 -positive isolates (n=107), 85 contained the bla CMY-2 gene alone, while 22 isolates carried bla CMY-2 together with bla CTX-M-1 (n=14), bla CTX-M-55 (n=4), bla SHV-5 (n=3) or bla CTX-M-2 (n=1). The 6 isolates obtained from Farms 3 (n=3) and 4 (n=3) had bla TEM-1 alone.
Macro-restriction profiles of CMY-2-and CTX-M-type β-lactamase-producing isolates: PFGE analysis with XbaI digestion revealed 41 (Y1-Y41) and 14 (X1-X14) clusters in the 107 CMY-2 and 65 CTX-M-carrying E. coli isolates, respectively ( Fig. 1) . Of the CTX-M clusters, CTX-M-1-carrying isolates were grouped into 8 clusters (X-1, 2, 4, 5, 8, 12, 13 and 14), CTX-M-2-carrying isolates into 2 clusters (X-6 and 9) and CTX-M-55-carrying isolates into 4 clusters (X-3, 7, 10 and 11). Several clusters included isolates derived from more than 1 farm, including 5 CMY-2 clusters (Y-7, 9, 13, 23 and 37, Fig. 1A ) and 3 CTX-M clusters (X-2, 3 and 13, Fig. 1B ).
DISCUSSION
In this study, ESC-resistant E. coli were isolated from all broiler samples (100%) from 4 different farms, indicating that ESC-resistant E. coli strains are prevalent on broiler chicken farms in Japan. The Japanese Veterinary Antimicrobial Resistance Monitoring (JVARM) Program, which was conducted from 1999-2002 across Japan, found that only 18/676 E. coli isolates (2.7%), derived from 12/354 broiler farms, were resistant to cefazolin (first generation cephalosporin) [17] . In the decade following the JVARM program, ESC-resistant bacteria appear to have spread throughout broiler farms in Japan.
Recently, plasmid-mediated CMY-2 AmpC β-lactamaseproducing E. coli have been isolated from humans and domestic animals worldwide. In the United States, the enzyme was already prevalent in bacteria from humans and foodproducing animals as early as 1998/1999 [27] . In Belgium, Smet et al. [26] reported that 49% of ceftiofur-resistant E. coli isolates derived from 5 broiler farms carried CMY-2. Our results showed a high prevalence (66%) of CMY-2 amongst E. coli from broilers in Japan, which surpasses the level in Belgium (49%) [19] . CMY-2-type AmpC β-lactamase and CTX-M-type ESBL may play an important role in conferring the ESC resistance of E. coli in broilers.
Reports of CTX-M-type β-lactamases have increased worldwide. In Japan, several Gram-negative bacterial species, including non-typhoidal salmonellae, E. coli and Klebsiella pneumoniae, carrying CTX-M ESBL (i.e. CTX-M-1, CTX-M-2, CTX-M-14 and CTX-M-15) were detected in samples from broiler chickens [8, 9, 23] . In the present study, CTX-M-1, CTX-M-2 and CTX-M-55 ESBLs were detected in E. coli isolates. CTX-M-55 ESBL was recently reported in E. coli and K. pneumoniae from patients in Thailand [15] and Japan [18] and from turkey meat in Great Britain [21] . This is the first report of the CTX-M-55 ESBL in E. coli from broiler chickens in Japan. We previously isolated CTX-M-14 (CTX-M-9 group) ESBL-producing S. Infantis from broiler chickens originating from Farm 4 [14] . In the present study, no CTX-M-9 ESBLs were detected in E. coli, indicating that transmission of the bla CTX-M-14 gene between S. Infantis and other bacteria has not occurred between the study periods.
According to the results of PFGE analysis, the 107 CMY-2 β-lactamase-producing isolates and 65 CTX-M ESBLproducing isolates were categorized into 41 and 14 clusters, respectively. It was likely that higher diversity was seen in the CMY-2-producing isolates compared with the CTX-M ESBL-harboring isolates. The difference in the diversity may be caused by higher transferability of the plasmid(s) carrying the bla CMY-2 gene than those carrying the bla CTX-M gene.
Previous studies have demonstrated cross-contamination of broiler chickens with Campylobacter and Salmonella species between farms [25] . In the current study, PFGE analysis revealed that some clonal E. coli strains that carried the CMY-2, CTX-M-1 or CTX-M-55 β-lactamase genes were found in samples from multiple farms. In Italy, genetically related SHV-12 ESBL-producing E. coli isolates were detected from geographically unrelated farms [4] . It appears that the ESBL types of the bacteria that contaminate broilers are specific to individual countries. Our result suggested that cross-contamination amongst the farms of some clonal strains that produce CMY-2 AmpC β-lactamase or CTX-M ESBL had occurred.
In conclusion, we determined that ESC-resistant E. coli are prevalent in animals at broiler farms in Japan. Among the resistant bacteria, CMY-2-type AmpC β-lactamase was 1 of the most important enzymes in conferring ESC resistance. Moreover, we confirmed that some clonal ESC-resistant strains were present at multiple farms. To verify whether a particular clonal plasmid is present amongst the ESCresistant bacteria, further analysis of the characteristics of resistance plasmids is needed. a) Not detected, the isolates carried only TEM-1 β-lactamase.
